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[57] ABSTRACT 

Polydihalophosphazenes, e.g. 4"N=P(Cl)2]/i, are al- 
lowed to react at ambient temperatures for at least one 
hour with a lithium carborane in a suitable inert solvent. 
The remaining chlorine substituents of the carboranyl 
polyphosphazene are then replaced with aryloxy or 
alkoxy groups to enhance moisture resistance. The pol- 
ymers give a high char yield when exposed to extreme 
heat and flame and can be used as insulation. 

3 Claims, No Drawings 
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cyclic oligomeric dihalophosphazene at 250® C. until 
PROCESS FOR THE PREPARATION OF the desired degree of polymerization has been achieved. 

POLYCARBORANYLPHOSPHAZENES 

DETAILED DESCRIPTION OF THE 

ORIGIN OF THE INVENTION 5 INVENTION 


The invention described herein was made in the per- The chemical reactions and the compounds involved 

formance of work under a NASA contract and is sub- the practice of the present invention can be more 

ject to the provisions of Section 305 of the National easily visualized by referring to the following scheme: 


Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; 42 U.S.C. 2457). ‘ 10 

TECHNICAL FIELD 

This invention relates to carboranyl-substituted poly- 
phosphazenes and more particularly to a process for 
making such polymers. 1^ 

BACKGROUND ART 

Polyphosphazenes, a type of “inorganic rubbers” 
having the gener^ formula 4 -N=P(X) 2 +-rt, are gener- 
ally prepared by heating at 200° to 300® C. cyclic oligo- ^0 
mers of the above formula in which n is equal to 3 or 4. 
The resulting polymers, in which X stands for a halogen 
atom, are then rendered stable in the presence of water 
by reaction with sodium, potassium, magnesium, cal- 
cium, or lithium alcoholates or phenolates, thus substi- 25 
tuting alkoxy and/or aryloxy groups for the halogen 
atoms of the polymers (e.g., U.S, Pat Nos. 3,370,020; 
3,880,800 and 3,883,451). Interestingly, when the substi- 
tution of the halogen atoms with — ^OR groups is done 
at the oligomer stage, the compounds obtained can no 30 
longer be polymerized. 

Various lower alkyl groups and alicyclic groups have 
also been substituted for some of the chlorine atoms of 
dichlorophosphazene oligomers, for instance by irradi- 
ating tetrameric ChPN in decahydronaphthalene to 35 
obtain (CioHi 7 )Cl 7 P 4 N 4 . As far as is known, however, 
none of the low melting materials so obtained have been 
polymerized. A list of compounds of this type can be 
found in Cotton (Ed.), “Progress in Inorganic Chemis- 
try,” volume IV, page 321 (1962). 40 

As to carborane-substituted polyphosphazenes, none 
have been reported so far. In fact, the only known car- 
borane-substituted inorganic polymers have been ob- 
tained by a Grignard type reaction involving a bro- 
moalkylcarborane and an alkenyl bromide to form an 45 
alkenylcarborane which is then allowed to react with a 
silane to yield a carboranyl-substituted silane monomer. 
This compound is then polymerized to a carboranyl- 
polysiloxane (U.S. Pat. No. 3,431,234). 

The state of the art remains such, however, that no 50 
instance of direct attachment of a carboranyl group to a 
phosphorus atom has been reported, either in a small 
molecule or in a polymeric specimen. 

The principal object of this invention is to provide a 
method by which carboranyl substituents can be placed 55 
on a polyphosphazene molecule. 

DISCLOSURE OF INVENTION 

The objects of this invention have been accomplished 
by allowing a lithium carborane in a suitable solvent to 60 
react with a linear high molecular weight poly(dihalo- 
phosphazene) at about 25® C. for a period of at least one 
hour. The halogen atoms then remaining on the car- 
boranyl-substituted polyphosphazene can then be re- 
placed by alkoxy or aryloxy groups by reaction of the 65 
polymer with, for instance, sodium trifluoroethoxide. 
The original poly(dihalophosphazene) is prepared in the 
conventional manner by heating the corresponding 


Cl Cl 
\ / 


p 



V 


In the above formulas, R represents a hydrogen atom, 
a lower alkyl radical having up to about 6 carbon atoms 
or an aryl radical of up to about 9 carbon atoms, the 
methyl and phenyl groups being preferred; Rl repre- 
sents an alkyl radical containing up to about 6 carbon 
atoms, a fluorinated alkyl radical containing up to about 
6 carbon atoms, an aryl radical containing up to about 9 
carbon atoms, a chlorinated aryl radical containing up 
to about 9 carbon atoms, and mixtures thereof, n is an 
integer such that the molecular weight of the polyhalo- 
phosphazene (II) is within the range of about 1 X I(F to 
1 X 10^, as determined by gel permeation chromatogra- 
phy; x-hy==n; and x:y is within the range of 9.5:0.5 to 
6.0:4.0. 

The lithium carborane (III) employed in the above 
scheme is prepared from the alkyl or aryicarborane by 
reaction with n-butyllithium in the conventional man- 
ner. One of the alkylcarboranes, methylcarborane, was 
prepared from the bromomethyl homolog by reaction 
with magnesium metal and subsequent hydrolysis of the 
metal organic bromide obtained. The reaction between 
the carborane and the organolithium is carried out at 
ambient temperature in a solvent such as diethyl ether. 
The resulting solution is combined with a high molecu- 
lar weight polymeric dihalophosphazene (II) and al- 
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lowed to react at ambient temperature for at least 0.5 
hour to yield a randomly carboranyl-substituted 
polyhalophosphazene (IV). The original dihalophos- 
phazene (II) is prepared from a cyclic oligomeric 
dihalophosphazene, such as the trimer or the tetramer 5 
of difluoro or dichlorophosphazene, by heating the 
selected compound at 200® to 300® C. in the conven- 
tional manner. 

The remaining halogen ' substituents on the car- 
boranylpolyhalophosphazene (IV) may then be re- 10 
placed by dissolving said polymer in a suitable solvent 
such as benzene, toluene, xylene, tetrahydrofuran, and 
mixtures thereof, and adding one or more soluble al- 
coholate or phenolate with adequate stirring. Both the 
method and the materials that can be employed in this 15 
esteiiilcation reaction are described in several patents, 
including the three pertinent U.S. patents listed in the 
background art of the present specification. 

The carboranyl-substituted polyphosphazenes pre- 
pared by the process of this invention have a rubber-like 20 
consistency and possess a range of useful properties 
such as heat and chemical resistance, which vary ac- 
cording to the extent of carboranylation and esterifica- 
tion achieved. For instance, polymers with a 1:5 ratio of 
carborane groups to — OCH2GF3 groups have given a 25 
char yield of more than 50% by weight at 1000® C., as 
determined by means of a du Pont model 990 thermo- 
gravimetric analyzer. Materials of this caliber are very 
useful for protection against heat and flames. 

The process of the invention will now be illustrated in 30 
operational detail by the following examples which are 
not intended to limit the scope of said invention as 
stated in the appended claims. 

EXAMPLE 1 

A solution of polydichlorophosphazene (II), 3.76 g 
(3.16X 10“^ mol), in dry tetrahydrofuran, 100 ml, was 
added slowly to a solution of methyl lithiocarborane, 
5.18 g (3.16x10-2 mol), in tetrahydrofuran, 50 ml, at 
25® C. After one hour, the solution was treated with an 40 
excess of sodium trifluoroethoxide, 11.56 g, in boiling 
tetrahydrofuran for a period of 0.5 hour. The resulting 
polymer was isolated by precipitation from the reaction 


4 

medium and purified by fractional reprecipitation from 
tetrahydrofuran into hexane and benzene. Microanaly- 
sis and 3ip integration indicated an x:y ratio of 5.95 for 
the polymer (VIII) and its molecular weight, as deter- 
mined by gel permeation chromatography, was 1 X 10^ 

EXAMPLE 2 

The procedures of Example 1 were repeated with 
phenyl lithiocarborane, using the same materials and 
proportions. This yielded a carboranyl-substituted tri- 
fluoroethoxyphosphazene polymer (I^ with a gel per- 
meation molecular weight of 3 X 10^ and an x:y ratio of 
10:90. 

The polymers obtained with the process of the inven- 
tion are water and chemical resistant elastomers with a 
thermal stability proportionally enhanced as the carbo- 
rane substituent concentration is increased. 

We claim: 

1 . A process for the preparation of carboranyl-sub- 
stituted polyphosphazenes, which comprises allowing a 
solution of a lithiocarborane having the formula 

R— c c— Li 

\o/ 

BioHio 

to react at about ambient temperature with a solution of 
a polyphosphazene of the formula -f-N=PX2-h/i for a 
period of at least 25 minutes, said reactants being pres- 
ent in an original concentration ranging from about 
equimolar to a 50% excess of either reactant, and said 
formulas being further defined by R being a substituent 
selected from the class consisting of hydrogen, alkyl 
radicals of up to about 6 carbon atoms, and aryl radicals 
35 of up to about 9 carbon atoms; X being fluorine, chlo- 
rine or bromine; and n being an integer such that the 
molecular weight of the polyphosphazene is within the 
range of about 10^ to 1 X 10^. 

2. The process of claim 1 wherein R is a methyl group 
and X is chlorine. 

3. The process of claim 2 wherein R is a phenyl 
group. 
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